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Mass spectra were acquired for a therapeutic 4-azasteroid (dutasteride), and some related
compounds, using various ionization conditions (EI, CI, APCI and ESI) in both positive and
negative ion modes. The ionization and fragmentation behavior of the compound dutasteride,
its precursors and several analogs is reported. Positive atmospheric pressure chemical
ionization (APCI1) and positive electrospray ionization (ESI1) produced distinctive collision-
induced dissociation (CID) spectra for the respective [MH]1 ions of dutasteride. The spectral
differences are attributed to ion populations having either different structures or different
internal energy distributions (as a consequence of the method of ionization). Irrespective of
their origin, the protonated molecules undergo interesting fragmentation reactions when
collisionally activated. The identity of the major fragmentation products was confirmed by
accurate mass measurement. The negative APCI mass spectrum of dutasteride displays
extensive dehydrohalogenation, apparently due to the thermal component of the APCI
process. Some of the resulting radical anions display remarkable stability toward collisional
decomposition. Details of the fragmentation behavior for the negative ion species and their
relationship to the positive ion results are discussed. (J Am Soc Mass Spectrom 2001, 12,
385–398) © 2001 American Society for Mass Spectrometry
Dutasteride (1), 17b-N-[2,5-bis(trifluoromethyl)-phenyl]carbamoyl-4-aza-5a-androst-1-en-3-one,is a potent and specific dual 5a-reductase
inhibitor [1,2]. A good deal of interest exists in devel-
oping inhibitors of steroid 5a-reductase (SR) as a ther-
apy for pharmacological disorders associated with ele-
vated levels of dihydrotestosterone, the product of SR
action on testosterone. The recent identification of two
isoforms of SR (Types 1 and 2) has intensified this effort
to include the design of isoform selective and dual
isoform SR inhibitors. It is anticipated that such inhib-
itors will provide a more efficient and specific therapy
for disorders including benign prostatic hyperplasia,
some prostatic cancers, certain skin disorders and male
pattern baldness. The structural features responsible for
the potency, isoform selectivity and SR species selectiv-
ity of the traditional classes of steroid-based inhibitors
have been identified. This information is being applied
to the design of new classes of SR inhibitors.
The mass spectrometry of steroids dates back to the
1960s [3,4]. Numerous studies have been undertaken
using a variety of techniques [5 –8] since that time. One
of the primary driving forces behind the interest in
these molecules is their role in biological systems. An
understanding of the mass spectrometric behavior of
such important biological molecules is fundamental to
the detection, quantification and characterization of
known or new compounds at very low levels (often in
complex biological or pharmaceutical matrices). Subtle
changes in the identity or location of functional groups
result in distinctive, unexpected and interesting
changes in their fragmentation behavior in many in-
stances. For example, early studies of nitrogen-contain-
ing steroid analogs (azasteroids) [9,10] revealed the
important role of the heteroatom in stabilizing charge
and directing fragmentation. Consequently, their elec-
tron ionization (EI) mass spectra displayed unique
features when compared to those of conventional ste-
roids. In our laboratories we have observed interesting
fragmentation behavior exhibited by the azasteroid dutas-
teride (1), its precursors (4 and 8), and several structurally
related compounds (2, 3, 5, 6, 7and 9; see Figure 1). Here
we report the findings of our investigation.
Experimental
Mass Spectrometry
Electron ionization (EI) and chemical ionization (CI)
mass spectra were acquired using a Shimadzu (Colum-
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bia, MD) QP5050 single quadrupole mass spectrometer.
Electron ionization parameters were as follows: electron
energy, 70 eV; source temperature, 100 °C; sample
introduction, direct insertion probe; scan range, m/z 60
to 660; scan time, approx. 0.6 sec. Chemical ionization
conditions (positive and negative) were as follows:
reagent gas, methane; electron energy, 100 eV. All other
parameters were identical to those used for EI. Atmo-
spheric pressure chemical ionization (APCI), electros-
pray ionization (ESI) and collision-induced dissociation
(CID) spectra were acquired using a Thermo/Finnigan
(San Jose, CA) TSQ7000 triple quadrupole mass spec-
trometer equipped with the manufacturer’s API2 ion
source. APCI conditions (positive and negative) were as
follows: heated vaporizer, 450 °C; heated capillary, 300
°C; discharge voltage, 4.5 kV; corona discharge current,
5 mA; HPLC eluent flow rate, 1 mL per min; nebulizing
and auxiliary gas, nitrogen; nebulizing and auxiliary
gas pressures, 80 and 20 psi, respectively. ESI condi-
tions were as follows: heated capillary, 300 °C; electro-
spray voltage, 5 kV; infusion eluent flow rate, 2 mL per
min; nebulizing gas, nitrogen; nebulizing gas pressure,
10 psi. Collision-induced dissociation conditions were
as follows: collision gas, argon or xenon; measured
collision gas pressure, approximately 2 mTorr (multi-
ple-collision conditions; measured using a convectron
gauge); collision energy (laboratory frame of reference,
Elab), 30 to 35 eV. Spectra were recorded using scan
ranges suitable for each particular analyte (for product-
ion scans from m/z 15 to a value approximately 10%
above that of the molecular ion being interrogated; for
full scans from m/z 50 to a value twice the molecular
weight of the analyte). Parent-ion scans were acquired
over a limited scan range of m/z 400-550 with appropri-
ate set masses for the ions of interest. Scan rates for both
mass and product-ion spectra (MS/MS) typically were
on the order of 1 m/z unit per msec. Samples were
prepared at an approximate concentration of 0.5
mg/mL in 80:20 methanol/water (v/v). Injection vol-
umes typically were 10 mL and the eluent was intro-
duced into the ion source without chromatographic
separation (flow-injection analysis). An Agilent (Palo
Alto, CA) model 1100 HPLC system was used for
sample introduction and delivery of the eluent to the
mass spectrometer source. For ESI experiments, eluent
was introduced into the ion source using a Harvard
Apparatus model 22 (South Natick, MA) syringe pump.
Accurate mass measurements were made using a Mi-
cromass (Manchester, UK) quadrupole time-of-flight
(QTOF) mass spectrometer. Ionization was effected
using the Z-SPRAYt source operating in the pneumat-
ically assisted electrospray ionization mode. Electros-
pray ionization (ESI) conditions were as follows: source
block temperature, 100 °C; desolvation temperature,
250 °C; capillary voltage, 3.3 kV; cone voltage, 110 V;
eluent flow rate, 2–5 mL per min; collision gas, argon;
collision energy (Elab), 25–40 eV. Beam transmittance
was reduced approximately 40% by admittance of col-
lision gas. Spectra were obtained with MS1 (Q1) set to
maximize beam transmission of the parent ion
(LM/HM settings of 0/0) and the time-of-flight (TOF)
mass analyzer set to acquire from m/z 39 to 900. Sample
introduction and source conditions were optimized to
detect 100–700 counts/scan cycle of the precursor ion
and the product ion of interest, in order to minimize
mass errors associated with the limited dynamic range
of the detection system. Signals with response intensi-
ties outside this range yield mass measurements with
considerably larger errors in accuracy (due to either
poor ion statistics or pulse pile-up). Spectra were ac-
quired in profile mode with a 1 sec acquisition duration
(summing of multiple scans) and a 0.1 sec interacquisi-
tion delay. The pusher repetition rate was 30 kHz and
the sampling rate of the analyzer was 1 GHz (the
proposed minimum requirement for exact mass deter-
minations) [11]. The QTOF instrument was calibrated
initially with a mixture of polyethylene glycols (PEG)
having average molecular weight distributions centered
at 200, 300 and 800 Daltons using a 5th order polyno-
mial, multi-point function. Thereafter, a single point
lock mass correction was sufficient for exact mass
determination. The parent ion, [MH]1 was utilized as
the lock mass for product ion measurements. The
resolving power was measured to be 5200 (full-width at
half-maximum, FWHM at m/z 529). Samples were pre-
pared at an approximate concentration of 0.5 mg/mL in
80:20 methanol/water with 1% acetic acid (v/v/v) and
the eluent was introduced into the ion source using a
Harvard Apparatus model 22 (South Natick, MA) sy-
ringe pump.
Chemicals
Dutasteride (1), des-trifluoromethyldutasteride (2),
4-aza-5a-androst-1-en-3-one-17-carboxylic acid (4) and
4-aza-5a-androst-1-en-3-one-17-carboxylic acid methyl
Figure 1. Compound structures: R 5 2,5-bis-(trifluoromethyl)-
phenyl (1) or 3-trifluoromethylphenyl (2) or t-butyl (3); R’ 5
hydroxyl (4) or methoxyl (5) or phenyl (6) or i-butyl (7); R“ 5 CF3
(8) or H (9).
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ester (5) were prepared according to reported literature
methods [12]. The purity of these materials was deter-
mined to be not less than 98%. Finasteride (3), bis-(2,5,-
trifluoromethyl)-aniline (8), and 3-trifluoromethylani-
line (9) were obtained from commercial sources and
used without further purification. All solvents, gases
and other reagents were obtained commercially, and
used as received.
Results and Discussion
A review of the literature reveals few reports detailing
the mass spectrometric behavior of azasteroids. Two
early studies [9,10] explored the fragmentation reac-
tions of these nitrogen-containing steroid analogs under
electron ionization conditions. There have been no
reports of subsequent investigations exploring details of
the mass spectrometric behavior of these types of mol-
ecules with the exception of a few papers detailing the
quantification of finasteride, 17b-(N-t-butylcarbamoyl)-
4-aza-5a-androst-1-en-3-one (2), and some of its analogs
[13–16] in the context of metabolism and biotransfor-
mation. We have examined the fragmentation behavior
of the therapeutic 4-azasteroid, dutasteride (1) using
electron ionization (EI), both negative and positive
chemical ionization (conventional methane CI and
APCI), positive electrospray ionization (ESI), collision-
induced dissociation (CID) reactions and accurate mass
measurements. Our investigation has revealed unique
and interesting characteristics of this molecule, its syn-
thetic precursors and several other related compounds.
Positive Ion Study
During the course of our analytical work with dutast-
eride, routine acquisition of the product-ion spectrum
(not shown) for the [MH]1 ion (m/z 529) revealed
interesting decomposition behavior. Many compounds
of the steroid class are prone to extensive fragmentation
resulting in information-rich spectra. In contrast, the
product-ion spectrum for the [MH]1 ion of dutasteride
displayed only a single major dissociation product (m/z
461) under typical conditions used for tandem mass
spectrometry (MS/MS) experiments (i.e., 20–30 eV col-
lisions with argon at a pressure sufficient for multiple
collisions). All other product-ion abundances were near
or below 10% of that observed for the 4611 ion. The
appearance of the spectrum was noteworthy both for
the paucity of fragmentation products and because the
collision energy required for onset of the major decom-
position process was greater than typically required for
many other classes of compounds, in our experience.
More intriguing was the identity (mass) of the major
elimination product (68 u), since it did not reflect the
expected retrosynthetic amide bond cleavage adjacent
to C-17 or any other readily recognizable dissociation
process. Dissociation of “backbone” amide bonds under
CID conditions is well documented for peptides and
proteins and is the basis for mass spectrometric amino
acid sequencing. The analog of this well-known process
was expected to dominate the fragmentation spectrum
of dutasteride by producing signals indicative of either
an acylium ion at the 17-position (m/z 300), the compli-
mentary protonated aniline (m/z 230), or possibly both.
The analogs of dutasteride that lack the amide function-
ality adjacent to the D-ring (i.e., ketones 6 and 7, the
carboxylic acid precursor, 4, and its methyl ester, 5),
also can undergo bond cleavage adjacent to C-17 (either
a or b), resulting in the formation of acylium ions. The
ketones can produce a pair of acylium ions, with the
more abundant ion being formed by loss of the larger
alkyl group (as a substituted ketene). Similarly, the
carboxylic acid and its methyl ester also can produce
acylium ions by eliminating a small neutral molecule
(H2O or CH3OH, respectively), possibly with the sub-
sequent loss of CO to form an alkyl cation. These
processes are well known for ketones, carboxylic acids
and their esters under chemical ionization conditions.
Acylium ion formation satisfactorily explains signif-
icant signals in the product-ion spectra of the ketone
compounds 6 and 7 (see reference [13]), as expected. In
contrast, the fragmentation of protonated finasteride (3)
(presumably protonated at the amide nitrogen b to the
17-position carbon atom) results in the loss of i-butene
as a major dissociation process, with the attendant
formation of a protonated primary amide, at m/z 317.
This experimental result is consistent with the expected
behavior of an alkyl amide. Other notable attributes of
the finasteride fragmentation spectrum include the
presence of a prominent signal at m/z 305 and the
notable absence of the C-17 amide bond cleavage prod-
uct (acylium ion at m/z 300). The signal at m/z 305 is
particularly interesting since it is consistent with the
same elimination process observed for dutasteride (loss
of 68 u). The competitive fragmentation processes re-
vealed by the data (loss of 68 u vs. loss of 56 u) are
consistent with multiple sites of protonation in the
finasteride molecule under APCI conditions. Presum-
ably, the two sites of protonation are nitrogen atoms in
the A-ring and the C-17 substituent (adjacent to the
D-ring), respectively. No such competitive protona-
tion/fragmentation behavior was observed for dutast-
eride or its analogs, 4 and 5. Neither 4-aza-5a-androst-
1-en-3-one-17-carboxylic acid (4) nor its methyl ester (5)
exhibited formation of an acylium ion. Thus, despite the
structural differences in the C-17 region of molecules
1–7 (i.e., alkyl amide, aryl amide, carboxylic acid and
ester), the most abundant product ion signal in these
CID spectra represents the loss of a rather unique
neutral molecule (68 u). The elimination of this 68 Da
moiety appears independent of the C-17 substituent
and must originate elsewhere in the molecule (i.e., other
than in the vicinity of the D-ring). The proposed frag-
mentation mechanism suggested in previously pub-
lished work on finasteride and its analogs [13] alluded
to a dissociation scheme requiring the elimination of
C3H2NO (a radical species). Odd-electron processes
such as radical elimination from protonated, even-
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electron species tend to be thermodynamically unfavor-
able. Consequently, we investigated the dissociation
behavior of these compounds using collisional activa-
tion and accurate mass measurements to gain a better
understanding.
Our initial interrogation of dutasteride had been
conducted using argon collision gas at a measured
pressure of approximately 2 mTorr, and collision ener-
gies in the range of 20 to 30 eV (Elab). While both
parameters (collision energy and gas pressure) can be
adjusted easily (increased) to achieve more extensive
fragmentation, in our experience the chosen values
represent conditions that avoid degradation of data
quality. Poor quality data are often attributed to ineffi-
cient ion transmission at elevated collision offset volt-
ages and excessive losses due to scattering or neutral-
ization of precursor and product ions at elevated
collision gas pressures. The upper limit of precursor ion
translational energy available for conversion to internal
energy in CID experiments (in a single collision event)
is dependent on the translational energy of the ion
(Elab), and the respective masses of both the ion
(massprojectile) and the collision gas target (masstarget), as
expressed by the center-of-mass collision energy (Ecom).
Ecom 5 ElabF masstargetmasstarget 1 massprojectileG
Although these experiments were conducted under
multiple-collision conditions, consideration of center-
of-mass collision energies can be insightful. For exam-
ple, the maximum energy available from the initial
single collision event (assuming the use of argon and a
35 V collision offset voltage) for the [MH]1 ion of
dutasteride is approximately 2.5 eV. Since it is often
advantageous to maximize the extent of fragmentation
for the purposes of ion structure elucidation, the argon
collision gas was replaced with xenon. The increased
mass of the target gas had a profound effect on the
center-of-mass collision energy, increasing it to 6.9 eV,
for protonated dutasteride. This dramatic increase in
the energy available to drive fragmentation processes
(while avoiding degradation of data quality) had a
marked impact on the appearance of the 5291 product-
ion spectrum (Figure 2). Several other decomposition
products were evident in addition to the base peak at
4611, including the characteristic cascade of product
ions in the low m/z region of the spectrum that is a
familiar attribute of steroid mass spectra. Accurate mass
measurements were recorded for some of the key ions
in order to better understand the details of these disso-
ciation processes.
The accurate mass of the most abundant product ion
(m/z 461.2046) was recorded at a measured resolving
power of approximately 5,200 (FWHM) using a com-
mercially available quadrupole/time-of-flight (QTOF)
instrument. This instrumental configuration is capable
of accurate measurements for both precursor and prod-
uct ions. Knowing the empirical formula for the [MH]1
ion of dutasteride ([C27H31F6N2O2]
1), only three possi-
ble elemental formulae constitute reasonable matches
for the 68 Da fragment of interest (and its complimen-
tary ionic partner). Table 1 shows the three possible
empirical formulae for the ions, their exact masses, and
the resolving power required to separate them from one
another unequivocally. The demonstrated mass accu-
Figure 2. Collision-induced product-ion spectrum for [MH]1 (m/z 529) of dutasteride, 1. Ionization
mode: 1APCI; collision gas: xenon (multiple collisions); collision voltage offset: 30 V.
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racy of the QTOF instrument (approx. 5 ppm) provides
reasonable certainty that the ion population being mea-
sured (m/z 461) is compositionally homogeneous. This
despite the fact that the resolving power of the instru-
ment is insufficient to separate all of the possibilities
from one another (assuming all were present simulta-
neously, which is unlikely). The assertion is based on
the premise that if species possessing different elemen-
tal compositions were present simultaneously, the mea-
sured value for the accurate mass of the m/z 461 product
ion would reflect the composite nature of the ion
population by assuming some “weighted average”
value. For example, if the ion population at the nominal
value of m/z 461 was composed of a hypothetical 50/50
mixture of [C24H29F6NO]
1 and [C23H27F6N2O]
1, the
measured accurate mass (strictly mass-to-charge ratio,
m/z) of this non-homogeneous ion population (i.e., not
separated fully due to insufficient mass resolving
power) would be 461.2090. This value is approximately
13 ppm different than the expected value for either of
the two contributing elemental compositions, and thus,
would be recognized readily. Contributions to this
product ion population from other decomposition
channels (e.g., loss of either C5H8 or C3H2NO
z) therefore
were considered to be minor given that the measured
mass of the product ion in question agreed closely
(within 4.1 ppm) with the predicted value (m/z 461.2046
vs. m/z 461.2027) for the elemental composition
[C23H27F6N2O]
1. Thus, the data support elimination of
C4H4O from the [MH]
1 ion as the process responsible
for the signal at m/z 461. Otherwise, the measured mass
value would have exhibited a pronounced tendency
toward either the higher or lower mass formulae shown
in Table 1. Had the contributing percentage of one of
the potential isobaric interferences been relatively low,
it would not have been distinguishable using this
method of evaluation. Under those circumstances, only
complete separation of the isobaric species (using either
double-focusing magnetic sector or Fourier-transform
ion cyclotron resonance instrumentation) would pro-
vide a true representation of the ion population com-
position.
While the precise details of any fragmentation mech-
anism remain speculative in the absence of rigorous
isotopic labeling experiments, one possible structure for
the major product ion (m/z 461) of protonated dutast-
eride is proposed in Figure 3. Such a structure would
result from of a series of C-C bond cleavages/rear-
rangements (including a methyl group migration) and
associated hydrogen shifts. The nitrogen atom origi-
nally present in the 4-position of the A-ring is retained
as a substituent of the original B-ring. The required
hydrogen shifts produce one site of unsaturation,
though its specific location is a matter of supposition.
The corresponding elimination product (C4H4O) could
have either of two possible structures, cyclobutenone or
vinylketene. This same fragmentation scenario has been
observed for all of the structurally similar compounds
(2, 3, 4, 5, 6 and 7) examined or reviewed in this study.
Thus, the rupture of the A-ring with the presumed
migration of the methyl group located at C-10 appears
to be common to the members of this series. Quite
interestingly, this proposed mechanism bears striking
similarity to that proposed for the radical cation of
trans-10-methyl-D3-2-octalone by Djerassi and cowork-
ers [17–19]. The ketone analogs (6 and 7) exhibit acy-
lium ion formation (via C-C bond cleavage (a to C-17)
resulting in signals at m/z 105 and m/z 85, respectively,
in addition to the C4H4O loss process. These signals
contribute substantially to the appearance of their prod-
uct-ion spectra (see reference [13]). Differences between
the product-ion spectra of dutasteride and the related
compounds chosen here for comparison (i.e., loss of
C4H4O vs. acylium ion formation or alkene elimina-
tion), directly reflect the impact of the bis-(2,5-triflu-
oromethyl) aniline substituent on the protonation and
subsequent fragmentation chemistry of the molecule.
The ketone or alkyl amide containing compounds ap-
pear to undergo competitive protonation of the amide
functionalities in both the A-ring and at the C-17
substituent adjacent to the D-ring. Charge-directed
fragmentation then proceeds accordingly for the two
ion populations upon excitation of the mass-selected
ions in the collisional activation event, resulting in
competitive reaction channels (acylium or amide ion
formation involving the C-17 substituent vs. elimina-
tion of C4H4O from the A-ring). However, for dutast-
eride the influence of electronic effects (i.e., significant
electron withdrawing character that reduces gas-phase
basicity) attributable to the bis-(2,5,-trifluoromethyl)-
aniline substituent results in a distinct lack of compet-
itive protonation in the D-ring region of the molecule
under APCI conditions. It should be noted that the
conventional CI (methane reagent gas) mass spectrum
Table 1. Empirical formulae, calculated accurate masses, mass
differences and requisite resolving power for differentiation of
potential elimination products having a nominal m/z of 461
Possible empirical
formulae
Difference
(mmu)
Difference
(ppm)
Required
Resolving
Power
C24H29F6NO
1
(2C3H2NO)
461.2153 49 106 9,420
C22H23F6N2O2
1
(2C5H8)
461.1664
C23H27F6N2O
1
(2C4H4O)
461.2027 36 79 12,705
C22H23F6N2O2
1
(2C5H8)
461.1664
C24H29F6NO
1
(2C3H2NO)
461.2153 13 27 36,546
C23H27F6N2O
1
(2C4H4O)
461.2027
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of dutasteride (introduction via heated direct insertion
probe) is dominated by signals indicative of protona-
tion at the amide nitrogen in the C-17 substituent,
followed by fragmentation to form the acylium ion with
subsequent loss of neutral carbon monoxide. This con-
trasting behavior in the outcome of the protonation
event between the two different modes of chemical
ionization (i.e., APCI using methanol/water vs. classi-
cal methane CI) results from differences in proton-
transfer reaction exothermicities, and has been ob-
served by other investigators [20,21]. The proton-
donating reagent species present in the APCI plasma
are H3O
1, CH3OH2
1 and higher-order clusters thereof.
The potential site(s) of protonation in an analyte mole-
cule must possess a higher proton affinity than the
neutral counterpart (conjugate base) of the reagent ion
(in the APCI case, water or methanol) in order for
proton transfer (ionization) to occur successfully. Our
conclusion is that the electron-withdrawing nature of
the highly fluorinated substituent has reduced the pro-
ton affinity of the C-17 amide to near or below that of
the conjugate bases of the prevalent proton-donating
species in the APCI plasma. The fragmentation data
indicate no scission of the C-17 substituent amide bond
for dutasteride implying little or no protonation at that
site. In contrast, classical methane CI produces gas-
phase acids (CH5
1, C2H5
1, C3H5
1, etc.) that are readily
able to transfer protons to the C-17 substituent nitrogen
due to the substantially lower proton affinity of the
“conjugate base” hydrocarbons. Thus, the reduction in
proton affinity of the C-17 amide caused by the pres-
ence of the electron-withdrawing trifluoromethyl aro-
matic substituent is more than offset by the increased
acidity of the hydrocarbon reagent ions (when com-
pared to the APCI reagent ions). While no proton
affinity data are available for dutasteride or its analogs,
published information on model systems indicates that
introduction of a trifluoromethyl substituent into bu-
tylamine reduces its proton affinity by approximately
11 kcal/mol. The ability of methane to ionize a molecule
in spite of a reduction in proton affinity of this magni-
tude is explained by the very favorable thermodynam-
ics of the proton transfer reaction; with there being an
approximate 45–60 kcal/mol difference in proton affin-
ities [22] between methane and the primary constituents
of the APCI reagent plasma (water and methanol).
Interestingly, there is no evidence in the methane CI
mass spectrum of the A-ring fragmentation (formation
of m/z 461) that dominates the CID spectra of the APCI-
and ESI-generated 5291 ions. Based on the likelihood
Figure 3. Possible structures for major product ions observed in the collision-induced product-ion
spectrum for [MH]1 (m/z 529) of dutasteride, 1.
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that both amide nitrogen atoms have been protonated
by the methane reagent ions, it stands to reason that the
C-17 amide bond cleavage kinetics are more favorable
than those associated with the complex series of bond
cleavages and rearrangements required to liberate
C4H4O from the A-ring. It is interesting to note that for
dutasteride the EI mass spectrum mimics the behavior
of the methane CI mass spectrum, showing abundant
ions resulting from scission of the C-17 amide bond (i.e.,
formation of acylium ion with subsequent elimination
of carbon monoxide). Again, this behavior is likely the
result of favorable kinetics.
The product-ion spectrum of 5291 generated under
APCI conditions exhibits two other signals (m/z 488 and
m/z 420) of significant intensity when xenon is em-
ployed as collision gas for the CID experiment (Figure
3). The 4881 ions represent another interesting decom-
position of the azasteroid ring system, elimination of
C2H3N (the elements of acetonitrile). The reaction chan-
nel responsible for production of these product ions is
assumed to operate competitively with that responsible
for the C4H4O elimination, since there is no readily
apparent mechanism that would explain 4881 as a
precursor of 4611. However, it is not clear from the
5291 product-ion spectrum whether formation of the
m/z 420 ion proceeds via one or both of two possible
pathways. The precursor-product ion relationships and
origins of the three main product ions of 5291 were
investigated using precursor-ion scans to resolve this
question. The second mass analyzer of the triple quad-
rupole instrument (Q3) was first set to transmit 4201
ions, while the first mass analyzer (Q1) was scanned
across the m/z range 400–550. Such an experiment will
identify all of the precursors of the m/z 420 ions, and
therefore elucidate the dissociation processes responsi-
ble for their formation (see Scheme 1). This experiment
provides no information as to whether the reactions
proceed in a concerted fashion (path e), or are step-wise
(path ac or path bd) in nature. Quite interestingly, the
sequence of the elimination reactions responsible for the
formation of these ions appears to be important. The
4881 ion is formed from the [MH]1 ion by loss of
C2H3N (step a) and subsequently eliminates C4H4O
(step c) undergoing the same (or similar) cleavage/
rearrangement processes as the [MH] 1 ion. This se-
quence of events yields the m/z 420 ions observed in the
product-ion spectrum of 5291. However, if elimination
of C4H4O from protonated dutasteride occurs first (step
b), the subsequent loss of C2H3N (step d) is precluded,
as there is no evidence of this process in the precursor-
ion scan of m/z 420. The precursor-ion spectrum of 4611
was recorded in order to rule out the existence of any
dissociative reaction pathway between it and 4881. The
data revealed no evidence linking the two. Somewhat
surprisingly, the elimination of C2H3N from the [MH]
1
ion of dutasteride, yielding the signal at m/z 488, was
not observed for the related compounds. This anoma-
lous behavior prompted us to examine the 5291 ions
generated using a different method of ionization. Elec-
trospray ionization was chosen because it is also a very
popular choice for LC/MS analyses. It has the added
advantage, for the purposes of this study, of forming
ions with very low average internal energies as indi-
cated by the general lack of fragmentation (i.e., predom-
inance of [MH]1 ions) observed empirically in APCI
mass spectra and reported widely in the mass spectro-
metry literature. The CID spectrum recorded for the
dutasteride [MH]1 ions formed under ESI conditions is
shown in Figure 4. Quite strikingly, neither the 4881 ion
nor the 4201 ion are present in this spectrum. This result
is consistent with differences in the ion populations
being formed by the two ionization methods, either in
structure (due to isomerization) or internal energy
distributions. To probe this hypothesis, and increase the
internal energy of the 5291ESI ions, the offset voltage of
the focusing quadrupole in the API source region was
raised to a value typically used for in-source CID
experiments. The objective of changing this instrumen-
tal parameter was to impart additional internal energy
into the 5291ESI ions (through collisional excitation)
prior to mass selection and the subsequent diagnostic
CID event in the xenon-filled octapole between the two
mass analyzers, Q1 and Q3. This experiment failed to
produce any discernable differences in the appearance
of the CID spectrum of the 5291ESI ions. These data led
us to conclude that at least a portion of the 5291APCI ion
population either has undergone some thermally-in-
duced isomerization (producing ions having different
structures), or has been excited thermally to an average
internal energy distribution that allows access to differ-
ent decomposition channels. In either case, this obser-
vation is noteworthy in light of the wide acceptance of
APCI as a “soft” ionization technique thought to pro-
duce ions that are nominally the “same” as those
produced in ESI (i.e., presumed to form ions with
structures closely resembling their neutral precursors).
Negative Ion Study
Negative chemical ionization mass spectrometry can
offer distinct advantages over its positive ion counter-
Scheme 1. Fragmentation pathways for prominent ions from
dutasteride, 1.
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part for analyzing certain classes of compounds. Excep-
tional sensitivity and exquisite selectivity have been
demonstrated for molecules that favor negative ion
formation. For example, nitroaromatic compounds [23],
polyaromatic hydrocarbons [24], alkyl or aryl halides
[25] and carboxylic acids [26] are a few of the compound
classes that lend themselves particularly well to detec-
tion by negative chemical ionization mass spectro-
metry. While dutasteride (1) produces a stable proton-
ated molecule ([MH]1), suitable for purposes of mass
spectrometric analysis, detecting its presence (or that of
known or unknown analogs) in complex matrices can
be challenging. This challenge is amplified when levels
of the analyte(s) are very low. We explored the potential
utility of negative atmospheric pressure chemical ion-
ization to assist us in detecting and characterizing both
known and new analogs of this compound.
As is true for APCI in the positive ion mode, many
compounds analyzed under negative ion APCI condi-
tions yield intact molecular species, despite the thermal
component inherent to the technique. Some degree of
thermolysis of analyte molecules is known to occur, but
it is generally not catastrophic to the outcome of any
given experiment since its impact is often predictable.
For instance, functionally substituted alkyl moieties
(e.g., hydroxy, alkoxy, halo, amino, etc.) are widely
known to thermally eliminate the heteroatom-contain-
ing substituent as a small neutral molecule (e.g., H2O,
ROH, HX, NH3, etc.). Thermal dehydration of hydrox-
ysteroids in APCI experiments is an example of this
phenomenon [6]. Empirically, thermal elimination reac-
tions involving atoms bonded to aromatic rings occur
less frequently, due at least in part to the additional
energy requirement for breaking aryl-proton and aryl-
heteroatom bonds (when compared to the analogous
bond energies in alkyl systems).
Our requirements for selectivity in the analysis of
dutasteride and its related compounds in complex
matrices led us to record its negative APCI mass
spectrum. The type of negative ions formed in chemical
ionization (e.g., radical anions due to electron attach-
ment, ion/molecule adducts resulting from complex-
ation with reagent anions such as halogens, or even-
electron anions produced through proton abstraction or
dissociative electron capture) is dependent on both the
intrinsic chemical properties of the analyte molecule
and favorable experimental conditions. Although
dutasteride lacks functional groups considered to be
“acidic” (i.e., potential sites for loss of a proton) accord-
ing to classical solution-phase definitions, there are two
protons (amides) that are candidates for abstraction in
the gas-phase. Radical anion formation was not antici-
pated despite the presence of highly electronegative
functional groups, which are generally favorable for
electron capture (and thus formation of radical anions).
Protic solvents and other additives typically used for
HPLC separations are generally not conducive to the
formation or stabilization of radical anions, and special
conditions are usually required (i.e., use of aprotic
solvents, minimization of contact with metal surfaces,
etc.) [27]. However, recently it has been reported that
radical anions of nitro-substituted polyaromatic hydro-
carbons have been observed under API conditions
using a water-containing solvent system [28]. The neg-
ative APCI mass spectrum (Figure 5) for dutasteride
displayed a unique pattern of signals comprised of the
Figure 4. Collision-induced product-ion spectrum for [MH]1 (m/z 529) of dutasteride, 1. Ionization
mode: 1ESI; collision gas: xenon (multiple collisions); collision voltage offset: 30 V.
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[M-H]2 anion (m/z 527) as well as a recognizable
“triplet” of signals appearing at m/z 508, 488, and 468.
These m/z values correspond to ions resulting from
consecutive losses of one, two and three HF molecules
from the neutral parent compound, forming a series of
interesting radical anions. Dehydrohalogenation, and
specifically elimination of HF from fluorine-containing
organic molecules, has long been an active area of
interest in mass spectrometry. Numerous investigators
have probed the behavior exhibited by such com-
pounds when contrasted with that of their hydrogen-
containing counterparts. For example, under electron
ionization conditions a variety of systems containing
either fluoro- or trifluoromethyl functional groups have
been observed to eliminate one or more molecules of
HF [29–36]. Similar observations have been reported for
experiments using positive chemical ionization [37–42],
electron-capture negative ionization [43,44] and bimo-
lecular ion-molecule reaction conditions [45–47]. We
found the negative chemical ionization result worthy of
further investigation having observed no evidence for
HF elimination (due to either ionic fragmentation or
thermolysis) in the positive APCI mass spectrum of
dutasteride.
The appearance of these interesting radical anions
could be explained by any one (or some combination) of
three mechanisms: (a) thermolysis of neutral dutast-
eride leading to sequential elimination of three HF
molecules followed by electron capture ionization of the
three unique neutral products, (b) a unimolecular dis-
sociation cascade (of either consecutive or competitive
elimination reactions) beginning with the deprotonated
molecule. [M-H]2, or (c) dissociative electron capture.
Dissociative electron capture was ruled out on thermo-
dynamic grounds. As recently described by Singh et al.
[48], ions observed as a result of this process are
even-electron species emanating from unstable radical
anions (via radical elimination). The “parent” radical
anions are typically not observed in such mass spectra
due to very favorable (either thermodynamically or
kinetically) dissociations. In our example, the observed
ions are themselves odd-electron radical anions that
would have to be the products of one or more elimina-
tion reactions of neutral molecules (HF). Since the
energy requirements for these fragmentation reactions
(i.e., the sum of the bond dissociation/association en-
thalpies of the aromatic C-H bond, the trifluoromethyl
C-F bond and the hydrogen fluoride H-F bond) are
quite likely to exceed the electron affinities of the
observed anions, it seems reasonable that electron de-
tachment (i.e., neutralization) would precede fragmen-
tation [49]. While multiple losses of HF from dutast-
eride could be due solely to thermolysis (with
ionization of the ensuing thermal decomposition prod-
ucts occurring subsequently), one or more of the signals
in the mass spectrum also could represent a unimolecu-
lar fragmentation event (or be a combination of the two
processes). The four anions (shown in Scheme 2) ob-
Figure 5. Negative atmospheric pressure chemical ionization (2APCI) mass spectrum of dutast-
eride, 1 (mol. wt. 528 u).
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served in the negative APCI mass spectrum were
probed using collisional activation in an attempt to
resolve these two possible explanations. The product-
ion spectrum of the 5272 ion (Ecom 5 6.6 eV; approxi-
mately 2 mTorr measured xenon pressure in collision
region, multiple collision conditions) exhibited only 2
signals, other than the parent ion, having relative abun-
dances greater than 10% (the [M-H]2 ion being the base
peak). The first signal results from CH4 loss (presum-
ably involving the methyl group at C-13), with the
second due to cleavage of the amide bond (b to C-17)
yielding the deprotonated anion of bis-2,5,-trifluorom-
ethylaniline (m/z 228). The most striking aspect of the
appearance of this spectrum was the absence of any of
the three signals observed in the full-scan APCI mass
spectrum (i.e., multiple elimination of HF). This feature
of the spectrum immediately answered any question
regarding the 5272 molecular anion as the source of the
three species at m/z 508, 488 and 468. Clearly, thermol-
ysis of neutral dutasteride was the major (if not the sole)
source of these three entities. The lack of any common
ions between the full-scan mass spectrum and the
product-ion spectrum for the deprotonated molecule of
1 (m/z 527), fully supports this proposition, as does the
observed thermal dependence exhibited by the spec-
trum as both the heated capillary and APCI vaporizer
temperatures are lowered (i.e., the relative abundances
of the ions at m/z 468 and m/z 488 decrease, with respect
to m/z 508 and m/z 527, as a function of decreasing
temperature). However, because of the relationships
revealed in the fragmentation spectra of the lower-mass
members of this series (i.e., a 4682 product ion appear-
ing in the CID spectrum of both m/z 508 and 488
precursors), unimolecular ionic dissociation can not be
ruled out completely as a contributing source of the m/z
488 and 468 signals in the full-scan negative APCI mass
spectrum. Interestingly, there are three minor signals
corresponding to the consecutive losses of three mole-
cules of HF (m/z 507, 487 and 467) from the deproto-
nated dutasteride molecule in addition to the 2282
product ion that dominates the CID spectrum. Thus, an
analogous set of unimolecular ionic reactions occurs,
but they are minor in comparison to the amide bond
cleavage responsible for generating the bis-trifluorom-
ethylaniline moiety. The dominance of this amide bond
scission also illustrates differences in charge localiza-
tion (i.e., site of ionization) occurring for dutasteride in
positive vs. negative atmospheric pressure chemical
ionization. Assuming that the fragmentations observed
are all (or largely) charge-directed, then the unique
dissociation events revealed by the positive ion MS/MS
data support the idea of protonation (ionization) at the
nitrogen functionality of the A-ring, with little or no
competitive protonation at the C-17 amide (vide supra).
Conversely, for negative ions, classical charge-directed
fragmentation ensuing from deprotonation of the C-17
substituent amide accurately predicts the ions observed
in that CID experiment. Elimination of methane, prob-
ably involving the C-13 methyl group, creates conjuga-
tion with the C-17 carbonyl group. Subsequent scission
of the amide bond a to the site of deprotonation results
in the formation the [M-H]2 ion of bis-2,5,-trifluoro-
methylaniline (m/z 228).
In our experience, the conditions we describe here
for CID experiments (i.e., xenon as collision gas at a
pressure sufficient to ensure multiple-collision condi-
tions without undue signal suppression and Ecom suffi-
cient to produce a myriad of structurally diagnostic
fragmentations) cause extensive decomposition for all
but the most stable ion structures. Therefore, the signif-
Table 2. Summaryc of the collision-induced dissociation (CID)
spectra of the four anions detected in the negative APCI mass
spectrum of dutasteride, 1
m/z
MS/MS Relative abundances
527z
[M-H]2
5082 z
[M-HF]2 z
4882 z
[M-2 HF]2 z
4682 z
[M-3 HF]2 z
527 100
511 15
508 a
507 b
488 a
487 7
468 100 100 100
467 5
453 37 22 55
452 12 7 32
438 5 b 10
424 7
256 b 12
238 10 5 20
228 45 – – –
225 7 7
199 12 7 35
145 b b 15
acompleted depleted, no surviving ions
bpresent just below 5% relative abundance.
cOnly signals with relative abundances greater than 5% are listed.
Identical conditions (EColl and PColl) were used to interrogate all four
ions.
Scheme 2. Possible routes of formation for anions observed in
negative APCI mass spectrum of dutasteride, 1.
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icant abundance of “survivor” molecular anions (m/z
527) was yet another unusual attribute of the dutast-
eride molecule. For the majority of systems subjected to
such rigorous conditions (in our hands) the relative
abundance of the precursor ion in the product ion
spectrum is generally diminished considerably with
respect to the abundances of significant product ions
(ranging anywhere from 50% relative abundance to
being undetectable, depending on the structure of the
analyte molecule). The assertion of atypical stability for
the 5272 ion is supported by the lack of similarity
between it and the two CID product ion spectra pro-
duced for the anions at m/z 508 and m/z 488, respec-
tively. These two precursor-ion signals (5082 zand 4882 z)
are absent from their respective product-ion spectra.
This observation is consistent with significant energy
deposition and subsequent dissociation (or neutraliza-
tion via electron detachment) of these two anions. The
product ions observed in the four anion dissociation
spectra (those greater than 5% relative abundance) are
listed in Table 2. Perhaps not surprisingly, the spectra of
the three species (m/z 508, 488 and 468) generated by
consecutive thermolytic HF losses from dutasteride
showed a high degree of similarity. The relative abun-
dances of like ions emanating from the three different
precursors do show some variation. The smallest mem-
ber of the series (m/z 468) shows the highest abundances
for most of the common product ions. This result is
consistent with expectations that as the number of
available fragmentation channels decreases (due to the
loss of various portions of the molecule), more ions will
decompose through the remaining channels, thus in-
Figure 6. Possible structures for anions observed in the negative atmospheric pressure chemical
ionization (2APCI) mass spectrum of dutasteride, 1 (mol. wt. 528 u).
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creasing the yield of those dissociation reactions. Con-
currently, for constant values of translational energy
and gas pressure (Elab and Pcoll), a decreasing precursor
ion mass will result in an increase in the center-of-mass
collision energy (by approximately 6% for m/z 468 vs.
m/z 508), thus making more energy available to drive
the decomposition reactions (again increasing their
yield). What is unusual, however, is the consistent
stability of the m/z 468 anion, whether produced ther-
molytically in the ion source (recalling that it repre-
sented the base peak in the negative APCI mass spec-
trum, see Figure 5) and subsequently subjected to
collisional activation (the “surviving” 4682 z signal is the
base peak in its own CID spectrum, see Table 2) or
appearing as a decomposition product in the CID
spectra of two higher mass precursors, 5082 z and 4882 z
(it is the base peak in those two spectra as well, also
shown in Table 2). This behavior is unusual for a radical
anion, as they are known to neutralize (undergoing
detachment of the ionizing electron) or eliminate a
radical (forming a thermodynamically favorable even-
electron ion) under CID conditions. Compounding the
improbability of the demonstrated stability of this rad-
ical anion is the Ecom used for these experiments. By
way of comparison, the 6.6 eV (Ecom) collisions success-
fully being endured by the 4682 z “survivor” anions are
significantly more energetic (178% and 288%, respec-
tively), than those used widely and successfully for a
broad range of ion structure investigations. Typical
experiments conducted using triple quadrupole instru-
ments employ argon or nitrogen as collision gas at ion
translational energies for CID on the order of 15–35 eV
in the laboratory frame of reference (Elab). Despite its
notable stability, the 4682 z ion does dissociate to some
extent, eliminating CH3
z to yield an even-electron prod-
uct ion at m/z 453. The primary low-mass product ions
observed for these unusual, highly unsaturated fluo-
rine-depleted precursor ions (several proposed struc-
tures shown in Figure 6) appear at the following m/z
values: 256, 238, 225, 199 and 145 (Table 2). The uncom-
mon stability of these precursor radical anions led to
uncertainty in the interpretation of the product ion
information in Table 2. Molecules that exhibit conven-
tional behavior (i.e., where assumptions of even-elec-
tron ion formation are valid) allow one to draw imme-
diate conclusions regarding nitrogen count, and thus
derive some plausible insight into the composition or
structure of the product ions. Despite the uncertainties
presented by these unusual species, it was possible to
deduce that at least three of the four low-mass dissoci-
ation products must originate from fragmentation of
the azasteroid backbone. For example, the 2562 ion can
be rationalized by envisioning the combined loss of the
entire C-17 substituent as well as the C-13 methyl
group, leaving [C17H22NO]
2. The remaining product
ions ([C17H20N]
2, [C15H19]
2 and [C11H13]
2 (all assumed
to be even-electron species) can be explained only by
extensive decomposition of the azasteroid ring system.
Attempts to rationalize definitive structures or accept-
able fragmentation mechanisms for these ions have
been unsuccessful.
In order to probe both the thermal and ionic pro-
cesses responsible for the elimination of multiple HF
molecules from dutasteride, attention was focused on
the fluorine-bearing portion of the molecule. The goal
was to isolate the region of the molecule believed to be
responsible for some of the interesting behavior that
had been observed, and thereby simplify interpretation.
Negative APCI mass spectra were obtained for the two
aniline synthons (8 and 9) of dutasteride and des-
trifluoromethyldutasteride. Each of the compounds
generated an exceedingly simple mass spectrum. Dep-
rotonation yielded [M-H]2 ions at m/z 228 and 160,
respectively. There was no indication of HF loss from
either molecule due to thermolysis, as had been the case
for dutasteride (vide supra). Collision-induced dissocia-
tion of the respective molecular anions produced the
product-ion spectra summarized in Tables 3 and 4. The
unimolecular dissociation chemistry of these two an-
ions was quite interesting. Not unexpectedly, both
spectra displayed strong signals for HF losses. Four of
the six available fluorine atoms were eliminated
through dehydrohalogenation for compound 8. Subse-
quent difluorocarbene elimination from the terminal
member of the HF-loss series (m/z 148), led to a cascade
Table 4. Tabular summary of the CID spectrum for the
[M-H]2 ion (m/z 160) formed from the deprotonation of 9,
3-trifluoromethylaniline
m/z (Rel. Abund.) Formula Description
160 (25) [C7H5F3N]
2 [M-H]2
140 (5) [C7H4F2N]
2 [M-H]2-HF
120 (70) [C7H3FN]
2 [M-H]2-2 HF
100 (52) [C7H2N]
2 [M-H]2-3 HF
90 (20) [C6H4N]
2 [140-CF2]
2
74 (40) [C5N]
2 [100-C2H2]
2
69 (100) [CF3]
2 or [C3FN]
2
50 (20) [CF2]
2 or [C3N]
2
19 (7) [F]2
Table 3. Tabular summary of the CID spectrum for the [M-H]-
ion (m/z 228) formed from the deprotonation of 8,
bis-2,5,trifluoromethylaniline
m/z (Rel. Abund.) Formula Description
228 (2) [C8H4F6N]
2 [M-H]2
188 (3) [C8H2F4N]
2 [M-H]2-2 HF
168 (95) [C8HF3N]
2 [M-H]2-3 HF
161 (8) [C7HF4[
2 [188-HCN]2
148 (47) [C8F2N]
2 [M-H]2-4 HF
141 (40) [C7F3]
2 [168-HCN]2
138 (22) [C7H2F2N]
2 [188-CF2]
2
118 (57) [C7HFN]
2 [168-CF2]
2
98 (100) [C7N]
2 [148-CF2]
2
93 (17) [C3F3]
2
74 (25) [C5N]
2
69 (10) [CF3]
2 or C3FN]
2 z
50 (5) [CF]2
2 z or [C3N]
2
26 (5) [CN]2
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of ions composed of only carbon atoms with a single
nitrogen atom (m/z 98, 74 and 50; [CnN]
2, where n 5 7,
5, 3, 1). This unusual series of highly unsaturated ions
terminated with the cyanide anion, at m/z 26. For
compound 9, the three available fluorine atoms all were
lost in HF elimination reactions. The spectrum of com-
pound 9 also showed ions at m/z 50, 69 and 74, with
those at m/z 50 and m/z 74 presumably being the same
highly unsaturated carbon-nitrogen species produced
by compound 8. Notable differences between the two
spectra include losses of HCN from several ions in the
dissociation cascade of 8, a fragmentation commonly
observed in the positive ion mass spectrometry of
anilines, and elimination of acetylene by one of the
product ions of compound 9.
Conclusion
Mass spectral analysis of a therapeutic 4-azasteroid,
dutasteride, revealed interesting and previously unre-
ported ionization and fragmentation behavior, under
both positive and negative atmospheric pressure chem-
ical ionization conditions. In the positive ion mode, the
primary dissociation product resulted from a series of
bond cleavages and rearrangements involving the A-
and B-rings of the steroid scaffold. The elimination of
C4H4O from the [MH]
1 ion was confirmed by accurate
mass measurement, and contradicts a previous report
suggesting the identity of the elimination product
(nominal mass 68 u) to be the C3H2NO radical. This
same dissociation channel was found to be operative for
six structural analogs of dutasteride. Such fragmenta-
tion behavior was unexpected in light of that exhibited
by common amides such as peptides (i.e., significant
degree of “backbone” amide bond cleavage) and con-
ventional steroids (extensive fragmentation of the hy-
drocarbon backbone generating a complex cascade of
ionic products). A second interesting dissociation reac-
tion exhibited by the protonated dutasteride molecule
(produced under APCI conditions) was elimination of
C2H3N (41 u). This process also requires the cleavage of
multiple bonds within the A-ring with associated hy-
drogen shifts. Most noteworthy about this fragmenta-
tion product is that it originates from an ion population
differing in either structure (as a consequence if ther-
mally induced isomerization) or internal energy distri-
bution. This conclusion is based on the absence of
C2H3N-related elimination products (m/z 488 and 420)
from the CID spectrum of 5291 ([MH]1) ions produced
by electrospray ionization.
The negative APCI mass spectral response for dutas-
teride also was noteworthy. In addition to the expected
[M-H]2 anion, the molecule produced a distinct spectral
pattern of three additional peaks, having comparable
abundances. These unique and interesting radical an-
ions appear to result from thermolysis of the neutral
dutasteride. However, some portion of the ion popula-
tions having lower mass (i.e., 4882 and 4682) may be
attributable to unimolecular ionic fragmentation reac-
tions. Successive dehydrohalogenation of the thermally
produced members of the series yields ions of varying
stability, as indicated by their ability to survive aggres-
sive CID conditions. Notably, the m/z 468 radical anion
is the base peak in the three fragmentation spectra
summarized in Table 2. Investigation of the interesting
fragmentation behavior of these fluorine-substituted
ions using smaller model systems (aniline substituted
with one and two trifluoromethyl groups) revealed the
same multiple losses of HF observed for dutasteride
and its analogs. Additionally, the HF-depleted model
aniline substrates exhibited an unusual series of highly
unsaturated lower mass product ions ([CnN]
2), not
generally observed among negative product ions for
non-fluorine containing systems.
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